ABSTRACT: This study investigated follicular development during and after postweaning altrenogest treatment of primiparous sows in relation to subsequent reproductive performance. Primiparous sows (n = 259) were randomly assigned at weaning (d 0) to 1 of 4 groups: control (no altrenogest, n = 71), RU4 (20 mg of altrenogest from d −1 to 2, n = 62), RU8 (20 mg of altrenogest from d −1 to 6, n = 65), or RU15 (20 mg of altrenogest from d −1 to 13, n = 61). Average follicular size (measured by ultrasound) increased during altrenogest treatment and resulted in larger follicles at the start of the follicular phase for RU4, RU8, and RU15 compared with controls (5.3 ± 0.9, 5.5 ± 1.3, 5.1 ± 1.2, and 3.4 ± 0.6 mm, respectively; P < 0.0001). Farrowing rate was greater in RU15 (95%) than in RU8 (76%; P = 0.04). The RU15 group also had more piglets (2 to 3 more piglets total born and born alive; P < 0.05) than the other treatment groups. Follicular development at weaning clearly affected reproductive performance. At weaning, average follicular size: small (<3.5 mm), medium (3.5 to 4.5 mm), or large (≥4.5 mm), was associated with farrowing rates of 86, 78, and 48%, respectively (P < 0.001). Sows with large follicles at weaning had low farrowing rates (71%) in RU4, very low farrowing rates (22%) in RU8, but normal farrowing rates in RU15 (83%). In conclusion, this study showed that 15 d of postweaning altrenogest treatment of primiparous sows may allow follicle turnover in sows that had large follicles at weaning and that this was associated with an improved reproductive performance. It also showed that shorter treatment with altrenogest (4 or 8 d) is beneficial for sows with small follicles at weaning, but is not recommendable for sows with large follicles at weaning.
INTRODUCTION
A negative energy balance during first lactation affects subsequent follicular development (Quesnel et al., 2000) , ovulation rate (Hazeleger et al., 2005) , oocyte development (Zak et al., 1997b) , and embryo development (Algriany et al., 2004) , and ultimately leads to embryo mortality (Almeida et al., 2000) . As a result, primiparous sows commonly have increased intervals from weaning to estrus, reduced farrowing rates, and reduced litter sizes (Morrow et al., 1989) .
Administering an orally active progestagen from weaning onward improves reproductive performance postweaning. Several studies have found greater ovulation rates (Koutsotheodoros et al., 1998) , better synchronization of estrus (Martinat-Botté et al., 1994; Martinat-Botté, 1995) , and improved embryo survival (Patterson et al., 2008) for primiparous sows treated with altrenogest postweaning. These positive effects are probably related to an improvement in follicular development. In a previous study, altrenogest-treated, primiparous sows were found to have larger follicles at the start of the follicular phase than nontreated con-trols, but these sows showed no improvement in embryo development at d 5 of pregnancy (van Leeuwen et al., 2010) .
The current study was designed to investigate the relation between follicular development during and after postweaning altrenogest treatment and relate this to subsequent pregnancy rate, farrowing rate, and litter size. We hypothesized that treatment with altrenogest would result in larger preovulatory follicles and would positively affect pregnancy rate on d 30, farrowing rate, and subsequent litter size.
MATERIALS AND METHODS
The study was conducted during the spring, from October 2008 to December 2008, in a commercial swine herd in Monte Buey, Argentina (32°25′00′′ S, 62°27′00′′ W) following the Argentine animal welfare law (Ley penal 14346).
Animals, Housing, and Diets
Pregnant gilts (n = 259; PIC23) entered the maternity facilities with individual farrowing crates on average 5 to 8 d before farrowing at 309 ± 15 d of age, when they weighed on average 243 ± 19 kg. On d 114 of gestation, all sows received 10 mg intramuscularly (i.m.) of a PGF 2α analog: dinaprost tromethamine (Lutalyse, Pfizer Inc., New York, NY). Postpartum crossfostering was performed within 3 d after farrowing to adjust litter size to 11 to 13 piglets. During lactation, sows were fed a corn and soybean-based diet formulated to contain 14.48 MJ of DE/kg with 18% CP and 1% lysine to appetite to a maximum of 8 kg/d. On d 20 (18 to 22) of lactation, piglets were weaned (11 ± 2 piglets per sow) and sows were moved to individual crates in another barn and fed twice each day (0800 and 1700 h) to a maximum of 4 kg/d of a corn and soybean-based diet that was formulated to contain 13.65 MJ of DE/kg with 14% CP and 0.7% lysine. All crates were equipped with individual drinking nipples providing water for all sows ad libitum.
Daily minimum and maximum environmental temperatures were registered throughout the experiment. Average temperature varied between a maximum of 28.0 ± 1°C and a minimum of 12.9 ± 3°C in October, and a maximum of 31.2 ± 5°C and a minimum of 15.5 ± 4°C in November. When the environmental temperature exceeded 28°C, spray coolers were activated in the gestation barn.
Sows were weighed and backfat depth was measured using A-mode ultrasound (Lean-Meater, Renco Corporation, Minneapolis, MN) at the P2 spot (6.5 cm from the midline at the level of last rib) when the sows entered the farrowing barns, at weaning, and for altrenogest-treated sows also on the day after last altrenogest treatment. Farrowing weight was corrected for weight of the litter at birth + estimated placenta and amnion weight (216 g/fetus), and for estimated fetal growth during the time between weighing and farrowing (60 g/fetus/d) based on Leenhouwers et al. (2002 ), van Rens and van der Lende (2002 ), and van Rens et al. (2005 . Farrowing weight averaged 223 ± 18 kg and backfat 19.4 ± 3.7 mm. During lactation, sows lost 19.4 ± 16 kg (equivalent to 8.4 ± 7%) of their BW, and 3 ± 3 mm of their backfat thickness.
Treatments
The day before weaning (weaning = d 0), sows were randomly assigned to 1 of 4 treatments: control (no altrenogest treatment; n = 71), RU4 (20 mg of altrenogest from d −1 to 2; n = 62), RU8 (20 mg of altrenogest from d −1 to 6, n = 65), and RU15 (20 mg of altrenogest, from d −1 to 13, n = 61). Five milliliters of altrenogest (Regumate, Intervet, http://www. intervetusa.com), a progesterone analog containing 4 mg of altrenogest/mL, was administered daily as a top dressing over a small portion of the morning feed to ensure ingestion of the entire dose.
Estrus Detection and Insemination
Starting at weaning, estrus detection was performed twice each day at 0830 and 1730 h with fence-line boar contact. Estrus was considered to start when a sow first exhibited a standing reflex during a back pressure test in the presence of the boar and to end when a sow first failed to exhibit a standing reflex. Sows were inseminated in the morning or afternoon after first detected estrus (0900 or 1700 h, respectively), and inseminations were repeated every am/pm for a maximum of 4 inseminations as long as the sow exhibited a standing reflex. Inseminations consisted of a 100-mL dose of semen that was obtained from the farm's boars (PIC 415), with a dosage of 4 × 10 9 sperm cells. The extender used was Merck III (Mini Tüb, Tiefenbach, Germany). Semen was stored at 17°C for a maximum of 3 d.
Follicular Development
Transabdominal ultrasound with a 5-MHz multi convex transducer (Aquila, Piemedical, Maastricht, the Netherlands) was performed to assess follicular development on the day of weaning, after 8 d of treatment for RU15, 1 d after last altrenogest treatment for treated sows, and on d 4 of the follicular phase (4 d after weaning for controls and 5 d after last altrenogest treatment for treated sows). The follicular phase was assumed to start at weaning for control sows and 1 d after last altrenogest administration for treated sows. One ovary was scanned each time because it was considered to be representative of the contralateral ovary (N. M. Soede, unpublished results). Recorded images were subsequently reviewed using the cineloop application of the scanner. The diameters of the 5 largest follicles were measured. Due to practical reasons, only 206 of the 259 animals (80%) were scanned.
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Pregnancy Rate and Litter Size
Inseminated sows were checked for pregnancy on d 30 after insemination with A-mode ultrasound (Scanopreg, Scanco Inc., Ithaca, NY). On d 114 of gestation, pregnant sows received 10 mg i.m. of Lutalyse (Pfizer). At farrowing of the second litter, piglets were weighed and the number of total born piglets, the number of piglets born alive, the number of piglets born dead, and the number of mummified fetuses were recorded.
Statistical Analyses
Data were analyzed using SAS (SAS Inst. Inc., Cary, NC). Only sows showing estrus within 10 d after weaning (control sows) or 11 d after last altrenogest treatment (treated sows) were included (n = 235). Follicle size at weaning was divided into 3 classes: small (<3.5 mm), medium (3.5 to 4.5 mm), or large (≥4.5 mm) and tested for relations with reproductive variables. Nine animals had a follicular size larger than 9 mm at the start of the follicular phase, and 8 of those did not show estrus. Therefore, 9 mm was considered a threshold for abnormal follicular development. These follicle data were not included in the analyses unless stated otherwise.
Normality of variables was checked with the UNI-VARIATE procedure of SAS. The normally distributed variables: follicular size at different days and onset and duration of estrus were analyzed with the GLM procedure of SAS with treatment as the main effect. For each of the variables, relevant covariates: farrowing weight of the sow, lactational BW loss, weaning weight, backfat, and lactational backfat loss were considered, as well as the interaction with treatment. If they were found not to be significant, covariates and interactions were omitted from the model. Lactation length was included for all analyses but omitted from the model when not significant. When main effects were significant, means were compared by the least significant difference method adjusted for multiple comparisons according to Bonferroni. Treatment effects on litter size were analyzed using the GENMOD procedure of SAS with a Poisson distribution. Relations between variables were tested by calculating the Pearson correlation coefficients. Treatment effect on pregnancy rates and farrowing rates was analyzed using the FREQUENCY procedure in SAS for a χ 2 distribution. A probability value of less than 0.05 was considered significant, and P < 0.1 was considered a tendency. Data are presented as means ± SD unless stated otherwise.
RESULTS

Follicular Development and Estrus
Follicular size at weaning averaged 3.7 ± 1.0 mm and varied from 1.4 to 9.8 mm between animals (Table  1) . Average follicular size increased (P < 0.05) during altrenogest treatment, resulting in larger follicles at the start of the follicular phase for RU4, RU8, and RU15 compared with controls (5.3 ± 0.9, 5.5 ± 1.3, 5.1 ± 1.2, and 3.4 ± 0.6 mm, respectively; Table 1 ). Additionally, 4 RU8 sows and 5 RU15 sows had a follicular size of more than 9 mm at the start of the follicular phase (15.7 ± 6.3 mm). Follicle size increased to 19.4 ± 3.1 mm on d 4 of the follicular phase, and 8 of the 9 sows subsequently did not show estrus.
At d 4 of the follicular phase, the difference in follicular size between treated and control sows had become smaller, and control sows tended only to differ from RU15 sows (6.8 ± 2.2 vs. 7.6 ± 1.0 mm, respectively; P = 0.1, Table 1 ). However, 1 control sow had a follicular size of 19.6 mm on d 4 of the follicular phase, but she did show estrus and was found nonpregnant on d 30 after insemination. Without this sow, average follicular size on d 4 of the follicular phase was 6.5 ± 1.1 mm for controls, which differed (P < 0.05) from RU8 and RU15, but did not differ (P > 0.1) from RU4.
The percentage of sows showing estrus within 10 d after start of the follicular phase was similar (89 to 92%) for the 4 treatments and duration of estrus was also not affected by treatment (Table 2) . A total of 25 sows did not show estrus within 10 d after the start of Means within a row without a common superscript are different (P < 0.05).
x,y
Means within a row without a common superscript tended to be different (P = 0.1). 1 Treatments involved no altrenogest treatment (control); 20 mg of altrenogest (Regumate, Intervet, http:// www.intervetusa.com) from d −1 to 2, d 0 = weaning (RU4); 20 mg of altrenogest from d −1 to 6 (RU8); and 20 mg of altrenogest from d −1 to 13 (RU15). the follicular phase. These consisted of 8 of the 9 animals with follicles larger than 9 mm at the start of the follicular phase, an additional 2 of 2 animals with follicles larger than 9 mm at d 4 of the follicular phase (1 in control and 1 in RU8), and another 15 of 248 animals (7 in control, 5 in RU4, 2 in RU8, and 1 in RU15) with smaller follicles at both times (5.0 ± 1.4 and 6.1 ± 0.6 mm at the start of the follicular phase and on d 4 of the follicular phase, respectively).
Pregnancy Rate, Farrowing Rate, and Litter Size
Pregnancy rate at d 30 was 89% overall but tended (P < 0.1) to be greater for RU15 (95%) compared with RU8 (80%; Table 2 ). Farrowing rate averaged 87% and was greater (P = 0.04) in RU15 (95%) than in RU8 (76%). Average litter size was 12.6 ± 3.6 piglets born; RU15 had more piglets (total born and born alive; P < 0.05) than the other treatment groups (Table 2) .
Follicular Size at Weaning and Its Relation to Subsequent Reproductive Performance
Follicular size at weaning was affected by lactational BW loss (loss in kg, r = −0.25; P = 0.06; loss in %, r = −0.26; P = 0.04). Other lactational variables (lactation length, weaning weight, and backfat at weaning) did not affect follicular size at weaning. Table 3 shows follicular sizes and reproductive performance for control, RU4, RU8, and RU15 sows, with small, medium, and large follicles at weaning. The percentage of animals showing estrus within 10 d after the start of the follicular phase was not affected by follicular size at weaning (94, 88, and 88% for sows having small, medium, or large follicles, respectively).
Farrowing rates were greater (P < 0.001) for sows with small or medium follicles at weaning compared with sows with large follicles at weaning (86 and 78 vs. 48%, respectively). Differences in farrowing rates between follicular size classes were affected by treatment. In controls, farrowing rates were 86 and 84% for sows having small or medium follicles at weaning, respectively. Farrowing rates for treated animals were 90, 88, and 71% in RU4; 94, 83, and 22% (P < 0.05) in RU8; and 95, 100, and 83% in RU15 for sows having small, medium, or large follicles at weaning, respectively. Litter size was not affected by follicular size at weaning.
For treated animals, a large follicular size at weaning resulted in less follicular growth during treatment (2.6 ± 2.7, 2.3 ± 3.9, and 0.04 ± 2.1 mm for sows having small, medium, or large follicles at weaning, respectively, r = −0.35; P < 0.01). Therefore, follicular size at weaning was not related to follicular size at the start of the follicular phase (P > 0.1), but some clear follicle growth patterns were seen. For example, of the RU15 sows that farrowed, sows that had small follicles at weaning (<3.5mm; mean = 2.8 ± 0.6 mm) showed an increase in follicular size during the first 7 d of treatment to 4.7 ± 1.0 mm and stabilized thereafter to 4.9 ± 1.4 mm (at the start of the follicular phase). The RU15 sows that had medium-size follicles at weaning (≥3.5, <4.5 mm; mean = 4.0 ± 0.3 mm) showed an increase in follicular size during the first 7 d of treatment to 6.2 ± 2 mm and thereafter a decrease to 5.4 ± 1.0 mm (at the start of the follicular phase). The RU15 sows with large follicles at weaning (>4.5 mm; mean = 5.5 ± 1 mm) did not show an increase in follicular size during the first 7 d of treatment to 5.3 ± 3 mm and even had smaller follicles (3.9 ± 1 mm) at the start of the follicular phase. Means within a row without a common superscript are different (P < 0.05).
Means within a row without a common superscript tended to be different (P < 0.1). 
DISCUSSION
In this experiment, altrenogest was used to extend the interval from weaning to estrus in primiparous sows. In general, positive effects on ovulation rate, pregnancy rate, and litter size are found when the postweaning period is extended by altrenogest treatment after lactation (Morrow et al., 1990; Martinat-Botté et al., 1994; Martinat-Botté, 1995; Koutsotheodoros et al., 1998; Patterson et al., 2008) . Primiparous sows especially suffer from a negative energy balance at the end of lactation (Zak et al., 1997a; Quesnel et al., 2000) , which suppresses follicular development (Quesnel et al., 1998) . In these sows, postponement of follicular recruitment by a postweaning altrenogest treatment is believed to restore follicular development, resulting in greater pregnancy rates and larger litter sizes after treatment (Morrow et al., 1990; Martinat-Botté et al., 1994; MartinatBotté, 1995; Koutsotheodoros et al., 1998; Patterson et al., 2008) .
In this study, the postweaning period was extended with altrenogest treatments of different durations to evaluate the relation between follicular development during and after altrenogest treatments and to relate this to pregnancy rate and litter size in primiparous sows. It was shown that short altrenogest treatment (4 d) results in similar reproductive performance as in nontreated control sows, an altrenogest treatment for 8 d results in a poorer farrowing rate than control sows, and a long altrenogest treatment (15 d) results in superior farrowing rates and litter sizes compared with control sows. Surprisingly, no positive effects on farrowing rate and litter size were found for sows treated for 4 or 8 d. In all altrenogest treatment groups, follicular size increased during treatment, resulting in larger follicles at the start of the follicular phase for treated animals compared with controls. This increase in follicular development is presumably a reflection of greater LH concentrations during altrenogest treatment than during lactation because decreased LH concentrations have been associated with reduced follicular size at weaning (Quesnel et al., 1998; van den Brand et al., 2000) . However, the increase may also be related to the positive energy balance during treatment. Quesnel et al. (2007) found a positive relation between follicular development and insulin resistance. Poretsky and Kalin (1987) thought that this was caused by the binding of circulating insulin to ovarian insulin and IGF-1 receptors, thereby interacting with LH and FSH to stimulate follicular development (Poretsky and Kalin, 1987) . van Leeuwen et al. (2010) also found that follicular size increased during altrenogest treatment, which reached a plateau of 5 mm around 6 d of treatment, but no improvement in embryo development on d 5 of gestation was found.
Although the 4 and 8 d altrenogest treatment did not result in an improved reproductive performance, this depended on the follicular size at weaning. It appeared that sows with small follicles at weaning (<3.5 Table 3 . Effects of follicular size at weaning (small, medium, or large) 1 on estrus, pregnancy rate, farrowing rate, and litter size for control, RU4, RU8, and RU15 sows (mean ± SD) Litter size (total born) 11.8 ± 3.9 12.7 ± 3.4 -13.2 ± 3.3 11.8 ± 2.8 11.4 ± 3.3
12.1 ± 5.1 12.2 ± 3.5 12.5 ± 0.7
15.1 ± 3.5 14.3 ± 2.7 14.2 ± 0.8
Means within a row without a common superscript are different (P < 0.05).
1 Follicle size at weaning was defined as small, <3.5 mm; medium, 3.5 to 4.5 mm; or large, ≥4.5 mm.
2 Including the 9 sows with a follicular size larger than 9 mm at the start of the follicular phase. mm) benefited from a 4-and 8-d altrenogest treatment in terms of farrowing rate. Small follicles at weaning most likely resulted from a heavier lactational burden because sows with small follicular sizes at weaning lost the most BW during lactation and had the least backfat at weaning, which agrees with the findings of other authors (Quesnel et al., 2000; Bracken et al., 2003; Clowes et al., 2003) . These results therefore indicate that sows with a more catabolic body condition benefit from a 4-to 8-d postweaning altrenogest treatment, but that less catabolic sows do not. The finding that sows with large follicles at weaning did not benefit from altrenogest treatment for 4 to 8 d may be related to LH concentrations during treatment. Redmer and Day (1981) measured relatively low but constant concentrations of LH during altrenogest treatment, which may result in the growth of especially the large follicles because large follicles are much more responsive to LH than small follicles (Guthrie, 2005) . If this is true, then it means that larger follicles at weaning are at risk of being partly recruited for ovulation during treatment and therefore do not become atretic but remain present and grow out to larger sizes after 4 or 8 d altrenogest treatments. These remaining follicles grow to ovulatory size and finally ovulate a relatively aged oocyte. In cows, progestagen treatments to synchronize the estrous cycle have been found to prolong the lifespan of the dominant follicle, preventing it from becoming atretic (Sirois and Fortune, 1990) . Posttreatment ovulation of this follicle leads to decreased pregnancy rates (Stock and Fortune, 1993; Townson et al., 2002) . Luteal deficiency cannot be blamed for these decreased pregnancy rates because progesterone concentrations after ovulation of a dominant follicle have been shown to be similar to progesterone concentrations in untreated cows (Stock and Fortune, 1993) . The negative effects of a prolonged follicular lifespan are more likely related to decreased maturation and fertilization capacities of the oocyte (Revah and Butler, 1996) that compromise fertilization rates, embryo survival, or both. Thus, if larger follicles under altrenogest treatment do not turn over, this may similarly lead to overmatured oocytes in pigs resulting in decreased farrowing rates and litter sizes. Surprisingly, no effect of follicular size at the start of the follicular phase on subsequent reproduction was found.
However, a follicular size that was too large at the start of the follicular phase was not beneficial for subsequent reproductive performance because all 9 sows (4 RU8 and 5 RU15) that had a follicular size of more than 9 mm at the start of the follicular phase had cystic ovaries 4 d later; only 1 of those sows showed estrus and none farrowed. This lack of estrus display in cystic animals may be explained by an early shift from estrogen to progesterone production, because the development of cysts after weaning has been associated with an early rise in progesterone secretion (Lucy et al., 2001) .
There is no good explanation for the fact that there were no control sows with large follicles at weaning, because there was no difference in BW loss or backfat depth loss during lactation between treatments. Only 80% of all sows were scanned, but this does not explain the lack of control sows with large follicles at weaning. Therefore, unfortunately, no comparisons between reproductive performance of control sows with large follicles at weaning and treated sows with large follicles at weaning could be made.
In sows treated for 15 d with altrenogest, follicle growth patterns during treatment differed depending on the follicular size at weaning. Small follicles at weaning had increased size by d 7 and further increased to d 14, whereas large follicles at weaning had decreased by d 7 and further decreased to d 14. In a previous study (Van Leeuwen et al., 2010) , daily ultrasound during 15 d of altrenogest treatment showed that the largest 5 follicles increased in size during the first 6 d and, after a small decrease in size at d 7 to 8, remained more or less stable for the remainder of the period. This was thought to be indicative for the occurrence of synchronized waves of follicular growth under altrenogest treatment, similar to the ones observed by Lucy et al. (2001) during lactation. Lucy et al. (2001) described cohorts of 20 to 30 follicles that developed from 2 mm to 4 to 6 mm and regressed after which new follicles started to develop. If indeed follicles turn over during extended altrenogest treatment, this may be an explanation for improved reproductive performance in the long-treatment group (RU15) for sows with large follicles when treatment was initiated at weaning.
In accordance with the findings of Patterson et al. (2008) , the 15-d altrenogest treatment (RU15) resulted in the best reproductive results. An explanation for this improved performance may be found in the improved nutritional status of these sows during preovulatory follicular development. The RU15 sows were inseminated on average 19 d postweaning vs. 12, 8, and 5 d postweaning for RU8, RU4, and controls, respectively. Such an increase in recovery time improves reproductive performance (Morrow et al., 1990; Clowes et al., 1994; Vesseur et al., 1997) due to improved follicle and oocyte quality and subsequent luteal quality and embryo survival (Zak et al., 1997a,b; Cosgrove, 1998) . Cosgrove (1998) called this improvement in oocyte quality "nutritional imprinting of oocytes," resulting in better quality oocytes, which are essential for good embryo development and thus embryo survival to maintain litter size (Webb et al., 2007) .
In conclusion, this study showed that postweaning altrenogest treatment in primiparous sows increased follicular size, resulting in larger follicles at the start of the follicular phase, and also improved reproductive performance (increased farrowing rate and litter size) in sows treated for 15 d. It also provided evidence that shorter treatment with altrenogest (4 or 8 d) is beneficial for sows with compromised follicular development (small follicles at weaning) but is not recommendable for sows with large follicles at weaning, because treatment of the latter results in a decreased farrowing rate. van Leeuwen et al. The changes in follicular size during treatment may indicate the occurrence of follicular turnover during 15 d of altrenogest treatment, resulting in improved reproductive performance for sows with large follicles at the start of treatment. Therefore, positive results from postweaning altrenogest treatment should only be expected in sows with small follicles at weaning unless the duration of treatment is long enough to ensure turnover of the follicle pool present at weaning.
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